JUL- 17-2003 16:12 



HDP 



7033903020 P. 09 



200211102 

— 3 — New U.S. Application 
Docket No. 32860-000549/US 

Pat e nt claims What is claimed is: 

1 . AMjnethod for balancing capacitors in a capacitor bank, comprising: 

characteriz e d in tha t - producing three voltage levels are produced 

feyfrom.a reference voltage source in ordor A to monitor the state of charge of 
the capacitors, 

dete r mining m that tho a_capacitor voltage efl -for each capacitor ia 
dotormino d-and is-compa ringe d the determined voltages with the produced 
voltage levelsii-ftftd 

in that indicating a correct charge for a capacitor on a oapaoitor ir , 

indicated when a corresponding ***^- capacitor voltage is determined to be 
between the two relatively lower voltage levels^ 

in-sha* indicating a fault in #*H-a^_capacitor is indicated when the-a 
corresponding capacitor voltage is greater than the relatively highest 
voltage level^and 

«*-&ftt-_balancing the capacitors is carried out only when neither a correct 
charge nor a fault is indicated. 

2. The method as claimed in claim 1 . wherein 

characterized in chat a fault in a&e capacitor is indicated when athe 

gradient of the capacitor voltage on tho oapacitoF during the charging of the 
capacitor^ exceeds a limit value. 

3. The method as claimed in efte-efclaima wherein 

ch a racterized in that the voltage levels are supplied via optocouplers to an 

evaluation device. 

4. The method as claimed in efte-efclaims wherein 

characterized in tha t-the reference voltage source uses a voltage which ia 

present in the capacitor bank. 

5 The method as claimed in claim 4, 

characterized in that the wherein a sum voltage across two capacitors in the 

capacitor bank is tapped off as a reference voltage source for balancing. 



7 



.JUL- 17-2003 16: 12 



HDP 



7033903020 P. 10 



200311102 

— 3 — New U.S. Application 
Docket No. 3286O-000549/US 

6. The method as claimed in ono of claims l4e-£, wherein 

characterized in that , after charging the capacitors, normal operation is 

started for one capacitor when the corresponding capacitor voltage reaches 
the relatively lowest voltage level and before the corresponding capacitor 
voltage has «et^e^reached the relatively central voltage levels 
wherein 

HHfchftt-balancing operation otorts begins - when the correspondin g capacitor 

voltage has reached the relatively central voltage level, and ends when the 
capacitor voltage has once again reached the relatively lowest voltage 
leveliT 



in th ft iwherein , when the relatively lowest voltage level is reached once 
again, normal operation is once again started, and in th at 

-wherein a fault is indicated efh-uEon_reaching the relatively highest 

voltage level. 

The method as claimed in claim 6. wherein 
- <horaotoriEod in that , in order to start balancing operation, the capacitor 
voltages of all the capacitors are raised above the relatively central voltage 
level, 

An apparatus for carrying out the method as claimed in efte-ef<laima 1-te 
?, _comprising: 

characterized in that a series circuit formed from a non-reactive 

resistor and a first transistor^-is-arranged in parallel with in each ease at 
least.two or moro capacitors in the capacitor bank T< i 

in that , at least one further transistor,4s-_connected in parallel with the first 
transisto r, wherein - 

in that the transistors are connected to an evaluation device ^r-an d wherein 
4n-tf*M-voltage taps on the capacitors^are.-ftfe^connected to the evaluation 
device. 

The apparatus as claimed in claim 8, _further comprising 

oharactoritted in that -opt ocouplers ^ ore providod in order -adaeted_to 

transmit the voltage levels to a bus system. 
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10. The apparatus as claimed in claim 9, wherein 

characteriz e d in that a double coupler is used instead of three optocouplers. 

1L The method as claim ed in claim 2, wherein the voltage levels are supplied 

via optocouplers to an evaluation device. 

12. The method as claim ed in claim 2. wherein the reference voltage source 

uses a voltage present in the capacitor bank. 

12, The method as claime d in claim 12. wherein a sum voltage across two 

capacitors in the capacitor b ank is tapped off as a reference voltage source 
for balancing. 

& The method as claimed in claim 2. w h erein, after charging the capacitors. 

normal operation is start ed for one capacitor when the corresponding 
capacitor voltage reaches th e relatively lowest voltage level and before the 
corresponding capacitor volt age has reached the relatively central voltag e 
level; 

wherein balancing begi ns when the corresponding capacitor voltage 



has reached the relatively central volta ge level, and ends when the cap aHtnr 

voltage has once agai n reached the relatively lowest voltage level: 

therein, when the relatively lowest voltage level is reached onre 

again, normal oper ation is once again started, and 

wherein a fault is indicated unon rear-h i ng the relatively highest volta ge 

level. 

The method as claimed in claim 14. whe r ein, in order to start balancin g 
operation, the capacitor voltages of nit the capacitors are raised above the 
relatively central voltage level. 

The method as claimed in claim 3. wher e in, after charging the cap acitors, 
normal operation is started for one c a pacitor when the corresponding 
capacitor voltage reaches the relatively lowest volta g e level and before the 
corresponding capacitor voltage has re a ched the relatively central volta ge 
level; 
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wherein balancing begins when the corresponding capacitor voltage 



has reached the relativel y central voltage level, and ends when the cap acitor 
voltage has once again reached the relatively lowest voltage level: 

wherein, when the relatively lowest voltage level is reached once 

again, nor mal operation is once again started, and 

wherein a fault is indic ated upon reaching the relatively highest voltag e 

level. 

The method as claime d in claim 16. wherein, in order to start balancing 

operation, the capacitor vol tages of all the capacitors are raised above the 
relatively central voltage level. 

IL The method as claimed in claim 4 wherein, after charging the capacitors. 

normal operation is starte d for one capacitor when the corresponding 
capacitor voltage reaches the relatively lowest voltage level and before the 
corresponding capacitor vol tage has reached the relatively central voltag e 
level; 

wherein balancing beg i ns when the corresponding capacitor volta ge 

has reached the relatively centra l voltage level, and ends when the capacitor 
voltage has once again re ached the relatively lowest voltage level- 

wherein, when the rel atively lowest voltage level is reached once 

again, normal operation is once again started, and 

wherein a fault is indicated upon reach ing the relatively highest voltag e 

level. 



The method as claimed in claim 18. whe rein, in order to start balancin g 
operation, the capacitor voltages of all the capacitors are raised above, the 
relatively central voltage level. 

, The method as claimed in claim 5. whe r ein, after charging the cap acitor* 
normal operation is started for one ca p acitor when the corresp onding 
capacitor voltage reaches the relatively l o west volta ge level and before the 
corresponding capacitor voltage has rea c hed the relatively central vnlta ge 
level: 
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wherein balancing b egins when the corresponding capacitor voltage 

has reached the relatively ce ntral voltage level, and ends when the capacitor 
voltage has on ce again reached the relatively lowest voltage level: 

wherein, when the r elatively lowest voltage level is reached once 

again, normal operation is once again started, and 

wherein a fault is indi cated upon reaching the relatively highest voltage 

level. 



The method as claimed in claim 20. wherein, in order to start balancing 
operation, the capacito r voltages of all the capacitors are raised above the 
relatively central voltage level. 

An apparatus for carrying out t he method as claimed in claim 2. 
comprising: 

a series circuit formed from a non-reactive resistor and a first 

. transistor, arranged in parallel with a t least two capacitors in the capacitor 
bank: 

at least one further transistor, conn e cted in parallel with the first 

transistor, wherein the transistors are connected to an evaluation device, 
and wherein voltage taps on the canacir p rs are connec ted to the evaluation 
device. 



— The apparatus as claimed in claim 22 f urther comp r ising optocoup lers, 

adapted to transmit the v oltage levels t 0 a bus system. 

34 The apparatus as claimed in claim 2\ wh e rein a double coupler is used 

instead of three op t ocouplers. 

^ An apparatus for carrying out the me t hod as claimed in claim fi, 

comprising : 

a series circuit formed from a n on-reactive resistor and a first 

transistor, arranged in parallel wi th at least two capacitors in the capacitor 
bank; 

at least one furth er tran s i stor, connected in parallel with the first 



transistor, wherein the transistors are c o nnected to a n evaluation device 
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and wherein voltage taps on the capacitors are connected to the evaluation 
device. 

24 The apparatus as claimed in claim 25. further comprising optocouplers, 

adapted to transmit the voltage levels to a bus system. 

2L The appar atus as claimed in claim 26» wherein a double coupler is used 

instead of three optocouplers. 

2JL A method for balan cing capacitors in a capacitor bank, comprising: 

. — determining a capacitor voltage for a plurality of the capacitors: 

comparing the determined voltages with at least three voltage levels 

from a reference voltage source: 
determining a corre ct charge for a capacitor upon a corresponding 

capacitor voltage being between two relatively lower voltage levels: 
determining a fault for a capacitor upon a corresponding capacitor 

voltage being greater than a relatively highest voltage level: and 
balancing capacitors upon neither a correct charge nor a fault being 

determined. 

22: The method as claim ed in claim 28, wherein a fault in a capacitor is 

determined when a grad ient of the capacitor voltage during the charging of 
the capacitor, exceeds a limit value. 

2£L The method as claimed in claim 28, wherein the voltage levels are supplied 

via optocouplers to an evaluation device. 

^ The metho d as claimed in claim L, wherein the reference voltage source 

uses a voltage present in the cap acitor bank 

2£ The method as claimed in claim 31, wherein a sum voltage across two 

capacitors in the capacitor bank is tapped off as a reference voltage source 
for balancin g . 

21 The method as claimed in claim 28, wherein, after charging the capacitors. 

normal operation is started for one capacitor when the corresp onding 
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capacitor volta ge reaches the relatively lowest voltage level and before the 
corresponding capacitor voltage has reached the relatively central voltage 
level; 

wherein balancing begins when the corresponding capacitor voltage 

has reached the relatively central voltage level, and ends when the capacitor 
voltage has o nce again reached the relatively lowest voltage level; 

wherein, when the relatively lowest voltage level is reached once 

again, normal operation is once again started, and 

wherein a fault is determined upon reaching the relatively highest 

voltage level, 

Q The method as claime d in claim 33, wherein, in order to start balancing 

operation, the capacitor vo ltages of all the capacitors are raised above the 
relatively central voltage level. 

& An apparatus for ca rrying out the method as claimed in claim 28. 

comprising: 

- a series circuit for med from a non-reactive resistor and a first 

transistor, arranged in para llel with at least two capacitors in the capacitor 
bank; 

at least one furth er transistor, connected in parallel with the first 

transistor, wherein the transistors are connected to an evaluation device. 
and wherein voltage taps o n the capacitors are connected to the evaluation 
device. 



The appara tus as claimed in claim 35, further comprising op tocounlers, 
adapted to transmit th e voltage levels to a bus system. 

The appara tus as claimed in claim 36, wherein a double coupler is used 
instead of three optocouplers. 



An apparatus for balancing capacitor s in a cap acit or bank, comp rising: 

means for determini ng a capacitor voltage for a p l urality of the 

capacitors; 
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mean s for comparing the determined voltages with at least three 

voltage levels from a reference voltage source: 
means for determining a correct charge for a capacitor upon a 

corresponding capacitor voltage being between two relatively lower voltage 

levels; 

— means for determining a fault for a capacitor upon a corresponding 

capacitor v oltage being greater than a relatively highest voltage level: and 

means for balancing capacitors upon neither a correct charge nor a 

fault being determined. 

3£ The apparatus as clai med in claim 38, wherein a fault in a capacitor is 

determined when a gradie nt of the capacitor voltage during the charging of 
the capacitor, exceeds a limit value. 

4£L The apparatus as cla imed in claim 38. wherein the voltage levels are . 

supplied via optocouplers to an evaluation device. 

li- The apparatus as clai med in claim 38. wherein the reference voltage source 

uses a voltage present in the capacitor bank. 

42= The apparatus as clai med in claim 41. wherein a sum voltage across two 

capacitors in the capacit or bank is tapped off as a reference voltage source 
for balancing. 

41 The apparatus as cl aimed in claim 38, wherein, after charging the 

capacitors, normal ope ration is started for one capacitor when the 
corresponding capacitor voltage reaches the relatively lowest voltage level 
and before the correspon ding capacitor voltage has reached the relatively 
central voltage level; 

wherein b alancing begins when the corresponding capacitor voltag e 

has reached the relatively cen tral voltage level, and ends when the cap acitor 
voltage has once again re ached the relatively lowest voltage level; 

wherein, when the rel atively lowest voltage level is reached once 

again, norm al operation is once again started, and 

wherein a fault is de termined upon reaching the relatively highest 

voltage level. 
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44. T he apparatus as claimed in claim 43. wherein, in order to start balancing 
operation, the capacitor voltafies of all the capacitors are raised above the 
relatively central voltage level 

45. An apparatus for balancing capacitors in a capacitor bank, comprising: 
a series circuit> formed from a non-reactive resistor and a first 

transistor, ar ranged in parallel with at least two capacitors in the capacitor 
bank; and 

at least one further transistor, connected in parallel with the first 

transistor, the transistors being connected to an evaluation device, wherein 
at least three voltage levels are produced from a reference voltage source. 
wherein a ca pacitor voltage is determined and compared to the at least three 
voltage level s, and wherein balancing of the capacitors begins when the 
capacitor vol tage of all of the capacitors reaches a relatively central voltage 
level and ends when the capacitor voltage of all of the capacitors reaches a 
relatively lower voltage level. 



The apparatus of c laim 45. wherein a correct charge for a capacitor is 
indicated when a corresponding capacitor voltage is determined to be 
between the two relatively lower voltage levels and wherein a fault in a 
capacitor is indica ted when a corresponding capacitor voltage is greater 
than the relatively highest voltage level. 

The apparatus of cla im 45. wherein voltage taps on the capacitors are 
connected to the evaluation device. 

The apparatus of claim 45. wherein, when the relatively lowest voltage 
level is re ached once again, normal operation is again started, and wherein 
a fault is indicated up on reaching the relatively highest voltage level. 

A method for balanci ng capacitors in a capacitor bank, comprising: 

determining a capaci tor voltage of each capacitor in the capacitor bank: 

comparing each capa citor voltage to at least three voltage levels 

produced from a reference source: and 
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balancing the capacitors upon the capacitor voltage of all of the 

capacitors reaching a rel atively central voltage level and end the balancing 
upon the capacitor volta ge of all of the capacitors reaching a relatively 
lower voltage level. 

5& The method of claim 49, wherein, upon the relatively lowest voltage level 

being reached once ag ain, normal operation is again started, and wherein a 
fault is indic ated upon reaching the relatively highest voltage level. 

51. T he method of claim 49, further comprising: 

determining a corre ct charge for a capacitor upon a corresp onding 

capacitor volt age being between two relatively lower voltage levels: 
determining a fault for a capacitor upon a corresponding capacitor 

voltage being greater than a relatively highest voltage level: and 
— balancing capacitors upon neither a correct charge nor a fault being 

determined. 

Q An apparatus for balan cing capacitors in a capacitor bank, comprising: 

means for determini ng a capacitor voltage of each capacitor in the 

capacitor bank; 

means for comparin g each capacitor voltage to at least three voltag e 

levels produced from a reference source: and 
means for balancing t he capacitors upon the capacitor voltage of all of 

the capacitors reaching a r elatively central volta g e level and end the 

balancing upon the capacito r voltage of all of the capacitors reaching a 

relatively lower voltage level. 
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